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 Demand robust counterpart-open capacitated vehicle routing problem with 
time windows and deadline (DRC-OCVRPtw,d) model formed and explained 
in this paper, is the model used to find the minimum distance and the time 
needed for vehicles to transport garbage in Sukarami Sub-District, 
Palembang that consists of the time it takes for the vehicle to pass through 
the route. Time needed to transport garbage to the vehicle is called time 
windows. Combination of the thoses times is called deadline. The farther  
the distance passed by vehicle and the more garbage transported, the longer 
the deadline is needed. This DRC-OCVRPtw,d model is completed by 
LINGO 13.0 to obtain the optimal route and time deadline for Sukarami  
Sub-District. The model shows that the improved model of open vehicle 
routing problem involving the robustness, time windows and deadline can 
achieve the optimal routes that enable driver to save operational time in 
picking up the garbage compared to similar problem not involving no-time 
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1. INTRODUCTION  
The city of Palembang is one of the big city in Indonesia that has high population density.  
Because of the high population density in the city of Palembang, this has result in increased garbage 
production. While the transportation of garbage in Palembang city is less effective resulting in garbage 
accumulation occurring. To overcome this garbage accumulation problem, a more effective and efficient 
waste transportation system is needed. This kind of problem can be solved as a network [1]. So that it can 
minimize the distance to be traveled and the time needed to complete the garbage transportation. 
There are two types of garbage cars used, namely armroll and dump truck. The capacity of garbage 
that can be transported by amroll and dump trucks is 4 tons. The optimal route to be determined is  
the distance [2, 3] from several TWDs (temporary waste disposal) to final waste disposal (FWD) in  
the form of a vehicle routing problem (VRP) [4, 5] model . In addition, VRP is also used to minimize 
transportation costs and the time needed for vehicles to transport waste [6]. In this case, the vehicle will 
transport waste from each TDW then the waste will be brought to FDW. Vehicles in Sukarami Sub-District 
have a fixed capacity with a single commodity, so-called capacitated vehicle routing problems 
(CVRP) [7, 8]. Application of CVRP is an application relating to the retrieval and delivery of goods,  
where the capacity of goods is limited and remains a special feature of the CVRP model [9-13]. 
The transportation system in Sukarami Sub-District is divided into 6 working areas (WA).  
Every WA has one garbage truck. In this case, After transported garbage from TWD and to be brought to 
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FWD, the vehicle is not returned to the environmental and hygiene services (EHS) Palembang but  
the vehicle is brought by the driver to their respective homes. Therefore, that the work is easier and more 
effective and vehicle route becomes more efficient. So that garbage transportation in the Sukarami  
Sub-District used the open vehicle routing problem (OCVRP) [7, 14], where the route passed does not form  
a closed route but forms an open route. If the route is not closed, so the driver can start anywhere from point 
so this problem has uncertainty, where the results will obtained vary greatly. Of course, among those results, 
one result is the best solution. This uncertainty is defined as the demand robust counterpart (DRC) 
model [15-17]. DRC model is expected to solve the uncertainty where in this case, the uncertainty is 
the volume of garbage at each TDW. This DRC model can be solved by LINGO 13.0 application.  
The drawbacks of those previous researches focused on DRC model were lack of information about 
time search formula needed by the vehicle and no time limit to travel for each TWD. In fact, for garbage 
transportation in Palembang recently, the real situation does not fit the condition of DRC model only.  
It needs the improved model to fit the real condition occurring in transporting garbage. Added parameters 
such as time that it takes the vehicle to pass through all garbage transport points and the time needed to 
move waste from TWD to the vehicle is called time windows [6, 18, 19]. Other parameter which is 
deadline [20-22] means time that takes a vehicle to complete garbage transport.  
Based on those drawbacks above, it is a critical need for rearranging and designing the optimal route 
as new improved formulation for transporting the garbage under demand robustness with added parameters 
namely time windows and deadline (DRC-OCVRPtw,d ) to meet the real condition occurring in garbage 
transportation nowadays. The performance of the new model will be compared in terms of cost gained with 
previous model [17] without added parameter included. The model proposed is not only helping the agency 




2. RESEARCH METHOD  
The distance data is obtained from EHS Palembang, where Sukarami Sub-District, Palembang was 
chosen as one the crowded area in Palembang. Besides that, a survey and direct observation were also carried 
out to check the distance from TWD to TWD, FWD to TWD, and TWD to FWD. The data is also gathered 
by direct interviews with garbage truck drivers. The data obtained is in form of a vehicle being driven at  
a speed of 30 km/hour. As for the time of garbage transportation, to transport 2 tons of garbage to the truck 
will takes 1 hour. Then, steps to complete the DRC-OCVRPtw,d model are as following. 
- Collect data in the form of: the number of cars operating in the Sukarami along with the volume of 
vehicle capacity, the route through each vehicle and the volume transported from each TWD, 
the distance traveled from the between TWD,and TWD to FWD. The average speed of the vehicle must 
also be known when carrying out garbage transportation, as well as an estimate of how long it takes 
the janitor to move waste from the TWD to the truck. 
- Form the distance data for each working area in the Sukarami Sub-District into tables. The tables are 
called the distance matrix tables. 
- Model and design the new improved model of DRC-OCVRPtw,d by collecting all the distance data, 
garbage volume data at every TWD into the DRC Model that has been formed into the time search 
formula in the model. 
- Input the model into the LINGO 13.0 application. The method used in LINGO 13.0 is the Branch and 
Bound method. LINGO 13.0 displays the optimal solution, the time deadline, the route to be passed by 
vehicle, time needed to pass all routes and the time needed to transport garbage to vehicle (tw) with 
addition deadline (d) for each working area.  
- Performance evaluation is done by comparing with previous routes without added parameter and then 




3. RESULTS AND DISCUSSION 
In Sukarami Sub-District Palembang, each garbage transport vehicle is divided into every working 
areas that are provided by 6 garbage transport vehicles in with capacity of every vehicle 4 tons.  
Therefore, there are 6- working area in Sukarami Subdistrict. The vehicle types, TWD location, TWD 
capacity and Garbage volume in every WA in Sukarami Sub-District are explained in Table 1. Table 2 
explains one of the distance table in 6 WA in Sukarami that is WA 1. The distances are measured in km. 
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Table 1. The vehicle types, TWD location, TWD capacity 













WA 1 Dump Truck 056 DKK Fibre 2 0.5 
KM 11 Fibre 2 1.2 
Depo Transfer Kebun Bunga Fibre 3 2.4 
WA 2 Dump Truck 052 Jl. Tanjung Api-Api Fibre 2 1.3 
Perum Polantas Fibre 2 1.8 
Suka Bangun I Fibre 2 1.7 
WA 3 Dump Truck 054 Jl. Kol H Burlian KM 7 Fibre 2 1.4 
Komp. Perindustrian Fibre 2 1.1 
Pasar Retail Blok Depan Concrete 3 1.5 
WA 4 Dump Truck C.10 Sukarame Scattered  4.0 
WA 5 Dump Truck 055 Talang Jambe Container 4 2.7 
VIP Bandara Concrete 3 2.5 
PDK Container 4 1.2 
Grand City Fibre 2 1.4 
WA 6 Dump Truck 057 Jl. Adi Sucipto Fibre 2 1.5 
Jl. Sukawinatan Fibre 2 1.2 
Jl. Pertendean Lurah Suka Bangun Fibre 2 1.3 
Source: EHS (environmental and hygiene services) Palembang 
 
 
Table 2. Distance among FWD and TWDs in WA 1 Sukarami Sub-District 
 FWD 1 2 3 
FWD 0 13.2 19.42 19.58 
1 13.2 0 3.4 4.2 
2 19.42 3.4 0 5.39 
3 19.58 4.2 5.39 0 
 
 
with Karya Jaya FWD 
1. DKK TWD 
2. KM 11 TWD 
3. Kebun Bunga TWD 
The improved model as DRC-OCVRPtw,d model is designed as follows. This Model consists of  
a combination of the DRC Model and OCVRP Model and time formula.  
 




∑ 𝑦0𝑖 + 𝑦𝑖0 +  𝑥𝑖𝑗𝑖,𝑗𝜖𝑆 ≥ 1 𝑓𝑜𝑟 𝑎𝑙𝑙 (𝑖 = 1,2, … 𝑛)  
 
∑ 𝑦0𝑖𝑖𝜖𝑆 + ∑ 𝑥𝑖𝑗𝑖,𝑗𝜖𝑆   ≥ 𝐾(𝑠)  
 
∑ 𝑦𝑖0𝑖𝜖𝑆  + ∑ 𝑥𝑖𝑗𝑖,𝑗𝜖𝑆  ≥ 𝐾(𝑠)  
 
𝑑𝑖 ≤  𝑙𝑖 ≤ 𝑄      ∀ 𝑖𝜖𝑆\{0}   
 
𝑙𝑖 − 𝑙𝑗 + 𝑄 𝑥𝑖𝑗 ≤  𝑄 − 𝑑𝑗       ∀ 𝑖, 𝑗 ∈ 𝐴, 𝑖 ≠ 0, 𝑗 ≠ 0   
 
𝑉 ≥ 0  
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𝑑 =  ∑ 𝑡𝑤0𝑖𝑖𝜖𝑆 + 𝑡𝑤𝑖0 + ∑ 𝑡𝑤𝑖𝑗𝑖,𝑗𝜖𝑆   
 
𝑥𝑖𝑗 𝜖 {0,1}   𝑓𝑜𝑟  (1 ≤ 𝑖 ≤ 𝑗 ≤ 𝑛) 
 
𝑦0𝑖𝑦𝑖𝑜 𝜖 {0,1}  (𝑖 = 1,2, … , 𝑛)  
 
𝑡𝑤𝑖𝑗 , 𝑡𝑤0𝑖 , 𝑡𝑤𝑖𝑜 ≥ 0  (1 ≤ 𝑖 ≤ 𝑗 ≤ 𝑛) 
 
With parameters defined are as follows. 
z : Function of optimal route that to be minimized (km) 
c0i : Distance from FWD to TWD-i (km) 
ci0 : Distance from TWD-i to FWD (km) 
cij : Distance from TWD-i to TWD-j (km) 
yi0 : Travel Route from TWD-i to FWD 
y0i : Travel Route from TPA to TWD-i 
xij : Travel Route from TWD-i to TWD-j 
K : Number of vehicles  
K(s)=d(s)/Q : Minimum Limit for the number of vehicles needed to visit TWD(s) 
d(s) : The amount of garbage that must be removed from the TWD (tons) 
Q : Vehicle Capacity (tons) 
A : Set of all node 
s : Set of all TWD 
di : Capacity of TWD-i(tons) 
li : Capacity of transported garbage vehicles when leaving TWD-i (tons) 
dj : Capacity of TWD-j (tons) 
lj : Capacity of transported garbage vehicles when leaving TWD-j (tons) 
d 
: The amount of the time needed to complete the transport of waste from all polling 
stations (min) 
tw0i : The time needed for vehicle from FWD to TWD-i (min) 
twi0 : The time needed for vehicle from TWD-i to FWD (min) 
twij : The time needed for vehicle from TWD-i to TWD-j (min) 
v : Vehicle Speed (30 km/hour) 
k : The speed of moving garbage to a vehicle (2 ton/hour) 
 
The above model is an DRC-OCVRPtw,d model, which is a combination of the robust counterpart 
model and OCVRP model and added a formula to find time in the model. The above model is used to find  
the minimum distance of waste transportation routes and the time needed to complete garbage transportation. 
The time needed for the vehicle to cross the route and the time needed by the officer to move the garbage to 
the truck bed is called time windows (tw). 








= 0.975      
 
Next, Minimum 𝑧 =     
 
13.2𝑦01 + 19.42𝑦02 + 19.58𝑦03 + 13.2𝑦10 + 3.4𝑥12 + 4.2𝑥13 + 19.42𝑦20 + 3.4𝑥21 + 5.39𝑥23 + 




𝑦01 + 𝑥12 + 𝑥13 + 𝑦10 ≥ 1  
 
𝑦02 + 𝑥21 + 𝑥23 + 𝑦20 ≥ 1  
 
𝑦03 + 𝑥31 + 𝑥32 + 𝑦30 ≥ 1  
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𝑦01 + 𝑦02 + 𝑦03 + 𝑥12 + 𝑥13 + 𝑥21 + 𝑥23 + 𝑥31 + 𝑥32 ≥ 0.975 
 
𝑦10 + 𝑦20 + 𝑦30 + 𝑥12 + 𝑥13 + 𝑥21 + 𝑥23 + 𝑥31 + 𝑥32 ≥ 0.975 
 
300 ≤ 𝑙1 ≤ 4000 
 
1200 ≤ 𝑙2 ≤ 4000 
 
2400 ≤ 𝑙3 ≤ 4000 
 
𝑙1 − 𝑙2 + 4000𝑥12 ≤ 2800 
 
𝑙1 − 𝑙3 + 4000𝑥13 ≤ 1600 
 
𝑙2 − 𝑙1 + 4000𝑥21 ≤ 3700 
 
𝑙2 − 𝑙3 + 4000𝑥23 ≤ 1600 
 
𝑙3 − 𝑙1 + 4000𝑥31 ≤ 3700 
 
𝑙3 − 𝑙2 + 4000𝑥32 ≤ 2800 
 
𝑦01, 𝑦02, 𝑦03, 𝑥12, 𝑥13, 𝑥21, 𝑥23, 𝑥31, 𝑥32 ≥ 0 
  
Because the route obtained is not valid, then the addition of balancing of constraints are needed. 
Constraint 𝑦03 + 𝑥31 + 𝑥32 + 𝑦30 ≥ 1 can be reformulated into 𝑥32 = 1. After the route is obtained, then add 
time windows and deadline parameters based on the route that has been obtained. Therefore, the model can 
be added as follows. 
 
𝑣 ≤ 30 
 
𝑘 ≤ 4000/120 
 
























𝑑 = 𝑡𝑤32 + 𝑡𝑤21 + 𝑡𝑤10 
 
The model is solved by using LINGO 13.0 to obtain the decision variables as depicted in Table 3. 
 
 
Table 3. DRC-OCVRPtw,d solution for working area 1 in Sukarami Sub-District 
Variable WA 1 Variable WA 1 
z 21.99 x31 0 
y01 0 x32 1 
y02 0 l1 300 
y03 0 l2 1200 
y10 2 l3 2400 
x12 0 tw32 82.78 minutes 
x13 0 tw21 42.8 minutes 
y20 0 tw10 35.4 minutes 
x21 1 d 160.98 minutes 
x23 0 v 30 km/jam 
y30 0 k 33.33 
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Sukarami Sub-District has 3 TWDs with 1 vehicle used to transport waste from 3 TWDs. Table 3 is 
the solution to the search for waste transportation routes in working area 1 by using LINGO 13.0.  
Variable with value of 1 means that the route is passed, while variables with value of 0 are not passed. 
Minimum distance obtained was of 21.99 km with a deadline time of 160.98 minutes or 2 hours 41 minutes 
as Table 3 explained. Figure 1 depicts the optimal route for transportation of waste, starting from Kebun 
Bunga TWD - KM 11 TWD - Karya Jaya FWD – DKK TWD - Karya Jaya FWD. If compared with research 
from Puspita et al [1], there are different results due to additional FWD recently and updated the distance and 





Figure 1. WA 1 in Sukarami Sub-District 
 
 
Table 4. Solution of DRC-OCVRPtw,d in Sukarami Sub-Districts 
Solver Status Working Area 
1 2 3 4 5 6 
Model Class MLP 
State Optimal Global 
Objective 21.99 55.95 58.57 24.07 77.66 34.37 
Infeasibility 0 0 0 0 0 0 
Iterations 12 0 0 0 0 0 
Deadline 2 hours 
41 minutes 
4 hours  
16 minutes 
4 hours  
22 minutes 
3 hours  
37 minutes 
6 hours  
29 minutes 




Then, the optimal route for other 5 WA is described in Figure 2(a) to 2(e) (see in Appendix). From 
the calculation using the LINGO 13.0 application, the following results are obtained as Table 4 explained. 
The longest time deadline is achieved in WA 3 with 4 hours and 22 minutes while the shortest one is within 
3 hours 9 minutes. The differences in deadline are due to how many TWDs and the areas covered. WA 1 
involves quite many TWDs that is why it takes quite some time to finish the routes. So the farther 
the distance and the more volume of waste, the more time is needed to complete the transport of garbage. 
The objective function value shows the optimal routes obtained with the additional value of time windows 
and deadline needed for each working area. Figure 2 explained all other 5 routes in Sukarami. Those figures 
show the direct arcs from each TWD to FWD.  
 
 
4. CONCLUSION  
The models designed is aimed to have more optimal routes for EHS in Palembang to decide in 
saving the operational cost. The results shown that the more FWDs the longer times to finish the routes 
shown by the deadline. The model is calculated exactly by using LINGO 13.0 to show the optimal routes. 
However, due to some assumption on traffics since the focus of robustness is in terms of demand for each 
TWD, then for further research perhaps can extend into the robustness in dealing with time traveled to pick 
up the garbage. 
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Figure 2. The other 5 routes in Sukarami Sub-District (a) for WA 2, (b) for WA 3, (c) for WA 4,  
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